slow embryonic heart rate in the early first trimester is associated with a poor short-term prognosis. [1] [2] [3] [4] [5] [6] [7] In particular, rates below 100 bpm prior to 6.3 weeks' gestation and below 120 bpm between 6.3 weeks and 7.0 weeks carry an elevated risk of death by the end of the first trimester. The risk of embryonic death is close to 100% when the rate is less than 80 bpm below 6.3 weeks or less than 100 bpm between 6.3 weeks and 7.0 weeks. The risk declines progressively with increasing heart rates until it plateaus for heart rates over 100 bpm at less than 6.3 weeks or 120 bpm between 6.3 weeks and 7.0 weeks. Slow embryonic heart rates at gestational age 7 weeks or less are associated with high risk of first trimester death. Our goal was to determine the prognosis for those embryos with slow early heart rates who survive the first trimester. We prospectively recorded embryonic heart rates for all obstetrical sonograms obtained on singleton pregnancies at or before 7.0 weeks' gestation since 1993. We collected information about pregnancy outcome, including date of live birth or in utero death and presence and nature of congenital anomalies. First trimester survival rate was 61.6% among 531 embryos with slow early heart rates (<100 bpm at ≤6.2 weeks, <120 bpm at 6.3 to 7.0 weeks), lower than the survival rate of 91.5% among 1501 embryos with normal heart rates (p < 10 -8 , Fisher's exact test). Among 299 pregnancies in which the early heart rate was slow and the fetus was still alive at the end of the first trimester, 277 (92.6%) resulted in liveborn infants without congenital anomalies, similar to the frequency of 95.1% in cases with normal early heart rates (p > 0.10, Fisher's exact test). Structural and chromosomal anomalies, however, occurred more than twice as frequently in cases with slow early heart rates: 5.4% (16 of 299) of the first trimester survivors with slow early heart rates proved to have anomalies, as compared to 2.4% (31 of 1281) of cases with normal early heart rates (p < 0.05, Fisher's exact test). In conclusion, a pregnancy in which the embryo has a slow heart rate at or before 7.0 weeks' gestation and which continues beyond the first trimester has a high likelihood (>90%) of resulting in a liveborn neonate without congenital anomalies. Embryos with slow early heart rates do, however, have a greater risk of having anomalies than embryos with normal early heart rates.
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Although the short-term prognosis for embryos with slow heartbeats in the early first trimester has been well documented, little is known about the long-term prognosis for those embryos who survive the first trimester. Most studies assessing the relationship between early embryonic heart rates and outcome have followed pregnancies only until the end of the first trimester. As a result, little or no data exist on the liveborn rate and frequency of congenital anomalies in first trimester survivors who had had slow early embryonic heart rates. We undertook a study to assess pregnancy outcome in such embryos.
MATERIALS AND METHODS
We prospectively recorded the results of all sonograms obtained at our institution between January 1993 and June 1998 demonstrating singleton pregnancies up to 7.0 weeks' gestation with embryonic cardiac activity. When a woman underwent sonography more than once at or prior to 7.0 weeks, the earliest sonogram demonstrating cardiac activity was used in the study.
Data recorded for each case included gestational age and heart rate (measured via M-mode) at the time of the study sonogram, and the results of any subsequent sonogram obtained during the pregnancy. Birth information was recorded, when available, including date of birth and neonatal discharge diagnoses.
Embryonic heart rate was classified as "slow" if it was less than 100 bpm at 6.2 weeks or earlier or less than 120 bpm between 6.3 weeks and 7.0 weeks of gestation. 5 A heart rate above these cutoff points was classified as normal.
First trimester outcome was classified as "live" if a sonogram at or beyond 13 weeks' gestation showed a live fetus or if the pregnancy resulted in a liveborn infant. It was classified as "dead" if, prior to 13 weeks, a sonogram showed no heartbeat or the patient miscarried.
Final pregnancy outcome was classified as "liveborn with no anomaly" if a liveborn infant was delivered at or beyond 24 weeks' gestation and no anomaly was diagnosed either prenatally or during the neonatal hospital stay. It was classified as "pregnancy loss with no anomaly" if delivery occurred prior to 24 weeks or in utero death occurred at any gestational age and no anomaly was diagnosed on prenatal ultrasonogram, at delivery, or via fetopsy. Pregnancy outcome was classified as "anomaly" if an anomaly was present at birth or fetopsy. Minor anomalies, such as hydrocele or pigmented skin lesions, were ignored (i.e., neonates with such findings were classified as having no anomaly). Cases lost to follow-up and those terminated electively (other than terminations performed because of fetal anomaly) were not assigned to any of these outcome classifications.
RESULTS
The study population included 1392 singleton pregnancies scanned prior to 6.3 weeks' gestation and 1425 scanned between 6.3 weeks and 7.0 weeks. Mean heart rate (± SD) prior to 6.3 weeks was 109.2 ± 14.0 bpm and between 6.3 weeks and 7.0 weeks was 125.3 ± 15.9 bpm.
First trimester survival rate was lower in pregnancies with slow early embryonic heart rates than in those with normal embryonic heart rates ( Table 1) . In pregnancies in which the patients were scanned prior to 6.3 weeks, the first trimester survival rate was 53.8% among cases with slow embryonic heart rates, significantly lower than the survival rate of 89.3% when the embryonic heart rate was normal (p < 10 -8 , Fisher's exact test). The lower the heart rate, the lower the survival rate: 69.5% for heart rates of 90 to 99 bpm, 43.5% for rates of 80 to 89 bpm, and 8.8% for rates less than 80 bpm. A similar relationship between heart rate and survival was found in cases scanned between 6.3 weeks and 7.0 weeks: embryos with slow heart rates (less than 120 bpm) were less likely than those with normal heart rates to survive the first trimester (66.6% versus 93.8%; p < 10 -8 , Fisher's exact test), and the survival rate was poorer with lower heart rates. Overall, cases with slow embryonic heart rates at 7.0 weeks' gestation or less had a first trimester survival rate of 61.6%, lower than the survival rate of 91.5% in cases with normal embryonic heart rates (p < 10 -8 , Fisher's exact test). In those pregnancies in which the fetus survived the first trimester, over 90% resulted in liveborn neonates without congenital anomalies, regardless of the early heart rate ( Table 2 ). Among 299 pregnancies in which the early heart rate was slow and the fetus was still alive at the end of the first trimester, 277 (92.6%) resulted in normal liveborn infants (omitting cases with unknown outcome). This was similar to the frequency of 95.1% in cases with normal early heart rates (p > 0.10, Fisher's exact test).
Congenital anomalies, however, were more common in first trimester survivors with slow early heart rates than in those with normal heart rates ( Table 2) . Sixteen (5.4%) of the 299 first trimester survivors with slow early heart rates proved to have anomalies, more than double the frequency of 2.4% (31 of 1281) in cases with normal early heart rates (p < 0.05, Fisher's exact test). Cardiac, chromosomal, and other anomalies all occurred more frequently in fetuses whose early heart rates had been slow than in those with normal early heart rates ( Table 3 ). In particular, the frequency of aneuploidy in fetuses who survived the first trimester was 1.3% among those whose early embryonic heart rates had been slow, significantly greater than the 0.3% in those whose early heart rates had been normal (p < 0.05, Fisher's exact test). Half of all aneuploid fetuses (three of six with trisomy 21, one of two with other chromosomal abnormalities) had slow early heart rates. Maternal age was 35 years or older in seven of the eight aneuploid fetuses, including all four whose early heart rates had been slow.
DISCUSSION
With transvaginal ultrasonography, the embryonic heartbeat can be visualized beginning at approximately 6.0 weeks' gestation, and its rate can be measured via Mmode sonography. The mean heart rate in early pregnancy increases progressively from approximately 100-120 bpm at 6.0 weeks to between 145-170 bpm at 9.0 weeks, after which it declines slowly for the rest of the first trimester. 7, [12] [13] [14] [15] The heart rate in an individual embryo or fetus of less than 10 weeks' gestational age varies little from measurement to measurement, so that reliable information about heart rate can be obtained from a single measurement. 16 Embryos with slow heart rates prior to 7.0 weeks have a poor short-term prognosis, with a high chance of death before the end of the first trimester. [1] [2] [3] [4] [5] [6] [7] In particular, in comparison to embryos with normal heart rates, the likelihood that an embryo will survive the first trimester is lower when the heart rate is less than 100 bpm prior to 6.3 weeks or less than 120 bpm between 6.3 weeks and 7.0 weeks of gestation. Below these cutoffs points, the slower the heart rate the poorer the prognosis for first trimester survival. 5 Our study confirms this relationship between a slow embryonic heart rate and poor first trimester outcome.
When a slow early embryonic heart rate is found at sonography, the parents should be advised that the risk of miscarriage in the first trimester is high. If the fetus survives the first trimester, however, counseling the parents is difficult, because the existing literature provides little information about the long-term prognosis for these pregnancies.
Our study addresses this issue. We assessed the final outcome in pregnancies that continue beyond the first trimester, comparing those with slow early embryonic heart rates to those with normal early embryonic heart rates. That is, we addressed the 540 PROGNOSIS WITH SLOW EMBRYONIC HEART RATE J Ultrasound Med 18:537-541, 1999 question, "If an embryo with a slow early heart rate survives the first trimester, what is the likelihood that the pregnancy will result in a normal neonate?" Our study demonstrates that the prognosis for an embryo with a slow early heart rate who survives the first trimester is good, with a 92.6% likelihood that the pregnancy will result in birth of a normal neonate. This prognosis is similar to the 95.1% likelihood of a good outcome for an embryo whose early embryonic heart rate had been normal and who survives the first trimester. That is, death occurring after a slow embryonic heart rate at 7.0 weeks of gestation or less is likely to occur quickly-within the first trimester-or not at all.
Our findings also indicate that a slow early embryonic heart rate is associated with an elevated risk of congenital anomalies. The frequencies of cardiac, chromosomal, and other anomalies are all increased when an embryo has a slow early heart rate. Overall, a pregnancy complicated by a slow heart rate at 7.0 weeks of gestation or less has at least twice the risk of anomalies than one with a normal early heart rate. Although the risk of aneuploidy is increased in fetuses with slow early heart rates, all aneuploid fetuses with slow early heart rates in our series were born of women over the age of 35 years. These women would have been offered amniocentesis based on maternal age, independent of the heart rate findings.
On the basis of our results, we suggest the following approach when a slow embryonic heart rate is seen in the early first trimester. A 1-2 week follow-up sonogram should be obtained and, unless embryonic death is diagnosed, another scan should be performed in the late first trimester. If the fetus is still alive at this time, the parents should be told that the likelihood of subsequent death is now low, but that the risk of anomalies is elevated. In view of this risk, sonography should be performed at approximately 18 weeks to evaluate for fetal structural anomalies. Karyotype testing is probably not indicated in the absence of another risk factor for aneuploidy (e.g., maternal age of 35 years or greater, thickened nuchal lucency on the late first trimester sonogram).
In summary, an embryo with a slow early heart rate has a markedly increased chance of dying within the first trimester. If it survives the first trimester, the likelihood of subsequent death is low, but the risk of anomalies is elevated.
